Abstract
Introduction
Colonoscopy is a useful intervention in the diagnosis and treatment of intestinal diseases. The procedure itself can be painful for patients. The pain is caused by the inflation of the colon with gas, which allows for inspection. Although adult patients tolerate colonoscopy with conscious sedation, pediatric patients frequently require deep sedation or general anesthesia, because of their relatively high level of anxiety, lack of cooperation, and pain perception. 1 In recent years, ketamine and propofol have been proposed as the sedation agents of choice during colonoscopy. 2 Propofol is a sedative-hypnotic agent with lack of analgesic properties leading to increased anesthetic or analgesic consumption during colonoscopy. 3, 4 Remifentanil is an ultra-short-acting opioid that offers rapid onset of action and rapid recovery time. However, it can cause dosedependent respiratory depression. 5 Ketamine is an anesthetic that has been used as a sole or supplement for other sedative-hypnotic anesthetics for sedation and analgesia in children undergoing outpatient's procedures. In previous studies, ketamine combined with either propofol or remifentanil has been used safely in children. 4, 6 However, when ketamine is used in combination with propofol or remifentanil, children may still become in pain or discomfort, disoriented, and movement during the procedure. 4, 6 As the ideal drug, dose, or combination is yet to be found to provide satisfactory sedation, analgesia, and comfort during the outpatient procedures, choice of drug, dose, or combination to achieve the desired clinical effect may be important.
This prospective, randomized, double-blind, controlled study was designed to compare the sedative efficacy and comfort of remifentanil---ketamine combination with propofol---ketamine combination in children undergoing colonoscopy. The hypothesis was that, in children undergoing colonoscopy, remifentanil---ketamine combination would provide better intraoperative sedation, children comfort, and less drug consumption compared with propofol---ketamine combination.
Material and methods

Patients
After obtaining ethical committee approval (2015-44/6) and informed parental and children consent, 70 ASA I---II children 2---16-year aged undergoing colonoscopy procedure with sedation were included in the study. This study was registered with the Clinical Research Information Service (NCT02602743).
Children with cardiovascular, cerebral, pulmonary, renal, or hepatic diseases were excluded from the study. The children had fasted for at least 6 h before the procedure. All patients were administered 0.5 mg.kg −1 midazolam orally with 10 mL of water as premedication, 30 min before the procedure. An intravenous line and standard anesthesia monitoring (including cardiovascular and respiratory monitoring) were in place during the sedation and recovery period. Children received 10 mL.kg −1 .h −1 crystalloid infusion during the procedure and supplement oxygen (2---4 L.min −1 ) were applied via a nasal cannula.
Randomization
Patients were randomized by use of a randomized block design with block sizes of 10. Allocation was concealed with a pre-specified computer-generated randomization list.
Sedation protocol
The remifentanil---ketamine (RK) group received intravenous (iv) ketamine 2 mg.kg −1 (Ketalar flakon, Pfizer, New York, ABD) and iv remifentanil 0.25 g.kg −1 (Ultiva flakon, GlaxoSmithKline, Brentford, England) combination for the induction of sedation within 1 min as bolus. Then, 0.1 g.kg −1 .min −1 remifentanil infusion was initiated and continued until the end of procedure for maintenance. The propofol---ketamine (PK) group received iv ketamine 2 mg.kg −1 and propofol 1 mg.kg −1 (Propofol ampul, Fresenius Kabi, Copenhagen, Denmark) combination for the induction of sedation. Then, iv propofol 1 mg.kg −1 .h −1 infusion was initiated and continued until the end of procedure for maintenance. However, whenever children felt discomfort (movement, cough and cry), iv remifentanil 0.1 g.kg −1 in RK group and iv propofol 0.5 mg.kg −1 in PK group was administered as a supplement dose. Despite the therapy given above, if children still experience discomfort, 1 mg.kg −1 of ketamine was administered intravenously as rescue dose, regardless of the group. An anesthetist in charge of the case administered study drugs infused fluids and supervised the children according to our study protocol, whilst a separate investigator blinded to the study groups recorded hemodynamic (systolic blood pressure [ 
Outcome variables
Hemodynamic and respiratory monitoring was followed during colonoscopy and recovery period. HR, SBP, DBP, SpO 2 , RR, and RSSs were recorded at 5 min intervals from baseline (i.e., prior to induction) until the end of colonoscopy procedure. Time to recovery (described as the time to achieve a recovery score = 7) was evaluated using Steward Recovery score at the end of procedure. 8 Colonoscopy duration, supplemental and rescue drug consumption, and side effects (which occurred during colonoscopy and recovery period) such as respiratory depression, nausea, vomiting, hypotension, and bradycardia) were followed and recorded. Hypotension was defined as a 20% decrease in mean arterial pressure from baseline and treated with fluid infusion and ephedrine iv 1---5 mg). Bradycardia was defined as a 20% decrease in HR from baseline and treated with 0.02 mg.kg −1 atropine sulfate. SpO 2 < 90% was considered as hypoxia and treated with oxygen supplementation via face mask. All colonoscopies were performed in the left lateral position by the same two pediatric gastroenterologists. At the end of the procedure, gastroenterologists were asked to give a score in terms of ease of attempt (1 = poor, 2 = moderate, 3 = good, 4 = excellent). Oral intake time and discharge time were also recorded.
Primary and secondary outcomes
The primary outcome of this study was to evaluate the efficacy of PK and RK combinations on RSSs during the procedure. The secondary end points were supplement and rescue drug consumptions, recovery time, gastroenterologist satisfaction scores, and side effects.
Power analysis
To ensure safe and effective sedation, it is desirable that an RSS be 4 or higher at all time during colonoscopy. In the preliminary study, in around 35% of the cases using propofol and ketamine, the RSS during the operation was 4 or higher; for those using remifentanil and ketamine, this percentage was 70%. Therefore, to obtain this difference being significant at the Type I error (alpha) level of 0.05 and the Type II error (1-power) level of 0.20, 30 children were required for each group. 
Statistical analysis
Statistical analyses were performed using IBM SPSS version 20.0 (IBM Inc., Armonk, NY, USA). Categorical variables were described as numbers and percentages, while continuous variables were shortened to mean and standard deviation values, and to median and minimum---maximum values. Categorical data were analyzed using a 2 -test. A Kolmogorov---Smirnov test verified the normality of distribution for continuous variables. Continuous variables were compared using the Student's t-test or Mann---Whitney Utest, depending on whether or not the statistical hypotheses were supported. To investigate the change in the measures obtained in the time interval, the repeated measurements analysis was used. Statistical significance was accepted when p < 0.05.
Results
Fig . 1 shows the flow chart of children at various stages of the trial. Seventy children were recruited for this study and randomly assigned to one of the two groups. Only one child in the RK group experienced respiratory arrest (which supported via positive pressure ventilation) at induction and excluded from the study. Thus, 69 children completed the study. There were no statistically significant differences between the groups in terms of age, weight, gender, duration of colonoscopy, and time to recovery (Table 1) . Data were presented as mean ± SD or n. M/F, male/female; min: minute; Min---Max, minimum---maximum. 
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Figure 2 SBP during the procedure. For both study groups, changes to SBP during the procedure were found to be statistically significant (p = 0.01 for SBP; repeated measurement analysis). RK, remifentanil---ketamine; PK, propofol---ketamine; min, minute.
There were no significant differences between the two study groups in terms of HR, SBP, and DBP during the procedure and recovery period. SBP and DBP variables were significantly higher only after induction in the RK group than in the PK group (p = 0. 
-test).
Repeated analysis showed that time affected both blood pressures and hearth rate variables. According to profile of analysis, the changes within time in SBP, DBP, and HR measurements were significantly different between groups: p = 0.01 for SBP (Fig. 2) , p = 0.006 for DBP (Fig. 3) , and p = 0.027 (Fig. 4) using repeated measurement analysis. Repeated analysis revealed an increasing trend in mean SBP, DBP, and HR variables in the RK group and a decreasing trend in the PK group. When we compared these variables between groups at a fixed time (i.e. at 5 or 10 min), there were no statistically significant differences between two groups with respect to hemodynamic variables (SBP, DBP, and HR).
The percentage of patients with an RSS of 4 or higher during the procedure was 73.5 and 37.1% in RK and PK groups, respectively (p = 0.02, 2 -test) ( Table 2) . Additionally, the sedation score at 10 min was significantly lower in the PK group than in the RK group (p = 0.02, Bonferroni-adjusted Mann---Whitney test).
Fifteen children (55.9%) in RK group needed supplement bolus dose of remifentanil and 22 children (62.9%) in the PK group needed supplement bolus dose of propofol. The number of children requiring supplement dose of study drugs were similar and there was no significant difference between the groups (p = 0.119, 2 -test). Eight children (23.5%) in the RK group and 15 children (42.9%) in the PK group needed rescue bolus dose of ketamine. Although ketamine requirement was greater in 
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Figure 3 DBP during the procedure. For both study groups, changes to DBP during the procedure were found to be statistically significant (p = 0.006 for DBP; repeated measurement analysis). RK, remifentanil---ketamine; PK, propofol---ketamine; min, minute. 
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Figure 4 HR during the procedure. For both study groups, changes to HR during the procedure were found to be statistically significant (p = 0.027, repeated measurement analysis). RK, remifentanil---ketamine; PK, propofol---ketamine; min, minute. the PK group, there was no significant difference between the two groups (p = 0.089, 2 -test). Gastroenterologists' satisfaction scores were similar and there was no significant difference between the two groups (Table 1) . Additionally, no significant difference was found in oral intake and discharge times.
Side effects during the procedure and recovery period are listed in Table 3 . SpO 2 and RR were within normal range throughout the study except one child experienced a transient decrease in SpO 2 (<90%) in the RK group, but did not require intervention and resolved spontaneously. Bradycardia was the most frequent side effect during the procedure: four children in the RK group and five children in the PK group (p = 0.10, 2 -test). Two patients in the RK group experienced nausea and vomited during the recovery period (p = 0.24, 2 -test) and treated with iv 0.1---0.2 mg.kg −1 of ondansetron.
Discussion
The main finding of this study is that both RK and PK combinations provided effective sedation in children undergoing diagnostic colonoscopy. However, RK combination resulted in better intraoperative sedation and less rescue analgesic requirement than PK combination.
Colonoscopy is a painful procedure and frequently causes transient abdominal distress and pain. 9 Therefore, beside sedation, effective analgesic regimen is essential in pediatric colonoscopy.
Ketamine is a dissociative anesthetic and characterized by potent analgesia, sedation, and amnesia, while preserving spontaneous ventilation. 10 These properties make ketamine a suitable drug to provide anesthesia, sedation, amnesia, and analgesia in pediatric patients during brief painful or emotionally disturbing procedures. 10, 11 Proposed common loading doses of ketamine are 1.5---2.0 mg.kg to provide dissociative state and generally, higher doses of ketamine is not recommended because of possible side effects such as prolonged recovery period, emergence delirium, dizziness, nausea, vomiting, and increased secretion.
11---13
Combination of ketamine with other sedatives or analgesics is preferred to reduce these side effects and improve the quality of procedural sedation and analgesia.
14,15 Lee et al. evaluated the effects of ketamine with remifentanil to improve the quality of anesthesia and postoperative recovery, following brief procedures in pediatric patients undergoing middle-ear ventilation tube insertion. 6 They reported a lower patient movement scores, higher surgeon satisfaction scores, and shorter time to recovery in ketamine-remifentanil group compared with only ketamine group.
In the present study, we used remifentanil or propofol to augment sedative or analgesic efficacy of ketamine. Adding remifentanil to ketamine significantly improved RSS in RK than in PK group (RSS of 4 or higher; 73.5% vs. 37.1% in RK and PK groups, respectively). Although not significant, rescue ketamine requirement was also found smaller in remifentanil---ketamine group than in propofol---ketamine group.
Unlike remifentanil, with lack of analgesic properties, propofol has sedative, amnestic, and hypnotic effects. Previous studies evaluating the effects of ketamine-propofol combination during upper gastrointestinal endoscopy and colonoscopy have noted that combination of propofol with sedatives is a feasible and safer option. 2, 4 When propofol is used alone for the management of brief outpatient procedures, relatively higher doses of propofol is needed to achieve a deep sedation. At high doses, it may cause hypotension and respiratory depression. 2, 4 To avoid from side effects, combination of propofol with sedatives or analgesics has been advocated. 16 In the present study, we add propofol to ketamine to improve sedation and reduce the amount of each drug. In propofol---ketamine group, the percentage of patients with an RSS of 4 or higher during the procedure was 37.1%. This ratio (RSSs) was significantly lower than in the remifentanil---ketamine group. Lower sedation scores in the PK group was attributed to the low dose of propofol used for the maintenance of drug.
In designing this study, one difficulty was determining dosages of each drug that would produce effective sedation while avoiding side effects. When the two drugs are combined at different dosages, many combinations are possible. In the literature, there is no reliable method of determining how much propofol a child will require as an adjunct to ketamine, far less how much will result in untoward side effects. The literatures on the dose of propofol used for sedation in children have been conflicting. In the present study, children in the PK group received bolus dose of ketamine (2 mg.kg −1 ) and propofol (1 mg.kg −1 ) combination for the induction of sedation, followed by 1 mg.kg −1 .h −1 propofol infusion until the end of procedure, as maintenance. The dose of propofol was chosen small to avoid respiratory and hemodynamic side effects.
Coadministration of two drugs may potentiate the effect each agent and reduce the amount of drug consumption. In this study, coadministration of ketamine with remifentanil resulted in higher RSS and lower additional medication (supplement and rescue study drug requirement). Fifteen children (55.9%) in the RK group needed supplement bolus dose of remifentanil and 22 children (62.9%) in the PK group needed supplement bolus dose of propofol. Similarly, 8 children (23.5%) in the RK group and 15 children (42.9%) in the PK group needed rescue bolus dose of ketamine. Although ketamine requirement was greater in the PK group, there was no significant difference between the two groups.
Unlike remifentanil and propofol, ketamine has been reported to increase SBP, DBP, HR, and cardiac output, because of its sympathomimetic properties. 17 In the present study, both RK and PK combinations provided stable hemodynamic parameters, and hemodynamic fluctuation (hypertension or tachycardia) was not reported. Although repeated analysis revealed an increasing trend in mean SBP, DBP, and HR variables in the RK group and a decreasing trend in the PK group, these differences were not considered as a clinically important.
In the PK group, no nausea or vomiting was reported, however in the RK group, two children complained of nausea and vomited during the recovery. Ketamine and remifentanil have been reported to lead emesis. Absence of nausea and vomiting in the PK group could be attributed to the antiemetic effect of propofol at low doses. 18 Furthermore, Green et al. demonstrated that nausea and vomiting are less common after ketamine administration in children younger than 5 years. 19 In our study, the children who experienced nausea and vomiting were 7 and 15 years old.
Agitation and hallucination during emergence may occur with ketamine use. 20 A combination of ketamine and shortacting benzodiazepine (midazolam) has frequently been used to preclude these side effects. 21, 22 In the present study, we administered 0.5 mg.kg −1 midazolam orally to all patients in both study groups, as premedication; no such adverse effect was observed in children.
Opioids may provide dose-dependent respiratory depression and this effect can be aggravated with a second agent. In the present study, in the RK group, one child experienced respiratory arrest (which supported via positive pressure ventilation) at induction and excluded from the study. Additionally, transient respiratory depression and hypoxia (SpO 2 < 90) occurred in one patient in the RK group and resolved spontaneously.
A limitation of this study is the wide age range of the patients. The age of a pediatric patient can affect sedative and analgesic agent consumption, as well as side effects and recovery time. 20, 23, 24 In addition, we did not use target-controlled infusion (TCI) for propofol or remifentanil administration. TCI may provide better sedation and analgesia level, as it targets blood drug concentration. 25, 26 Furthermore, large number of children are needed to reveal this relationship between ketamine and other drugs.
In conclusion, coadministration of ketamine with either remifentanil or propofol effectively and safely provides sedation and analgesia in children undergoing colonoscopy. Sedation scores were significantly better in the RK group compared to the PK group.
